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The growth hormone (GH)/insulin-like growth factor-l (IGF-1) axis is believed to play a role in 
growth during postnatal and fetal life and is regulatedhy nutrition. However, very few studies 
have examined the effects of malnutrition on the regulation of the GHIIGF-I axis in human 
pregnancy during adolescence. In this study we compared the serum IGF-I and IGFBP-3 
levels in a group (n=62) of pregnant adolescents in their second trimester of pregnancy and - 
living in a poor area in the city of Bogotá. with those of a group (n=36) of non-pregnant 
adolescents from the same area. As reference, a group (n=20) of non-pregnant adolescents 
from amiddle-class district in the same city was utilized. It was observed that the non- 
pregnant adolescents from the poor area were al1 below the 3'* percentile and showed 
significantly (p<0.05) reduced height and weight in comparison with subjects from middle- 
class area, suggesting growth retardation in this group of subjects. Serum IGF-I and IGFBP-3 
levels were significantly (p<0.0001) reduced, in comparison with subjects from the middle- 
class area, although there was no evidence of delay of puberty based on Tanner stage of 
sexual development and only subjects at Tanner 5 were included in this study. When the 
serum concentrations of IGF-I and IGFB-3 in the population of pregnant adolescents were 
investigated, no differences were found with those observed in the non-pregnant adolescents 
from the poor district. which means that pregnancy was not accompanied by the elevation in 
IGF-I levels observed in normal pregnancies. In conclusion, the low circulating IGF-I levels 
observed in pregnant adolescents could mirror abnormalities on the normal physiology of the 
GHIIGF-I axis. whose effects on fetal growth are not completely understood. 
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Niveles séricos de IGF-1 e IGFBP-3 en adolescentes-embarazadas provenientes de un  
sector socioeconómico de bajos ingresos 
El eje de la hormona de crecimiento (GH)lfactor de crecimiento similar a la insulina tipo-l 
(IGF-1) participa en el crecimiento durantela vida postnatal y fetal y se encuentra regulado por 
la nutrición. Sin embargo. muy pocos estudios se han adelantado con el fin de comprender 
los efectos de la mala nutrición sobre dicho eje durante el embarazo en la adolescencia. En 
este estudio se determinaron los niveles séricos del IGF-I y de IGFBP-3 en un grupo (n=62) de 
adolescentes en el segundo trimestre de embarazo y provenientes de un estrato pobre de la 
ciudad de Bogotá y se compararon con los de un grupo (n=36) de adolescentes del mismo 
estrato. Como referencia se tomaron los valores obtenidos en un grupo (n=20) de adolescentes 
de un estrato de clase media de la misma ciudad. Se encontró que las adolescentes del 
estrato pobre presentaban un crecimiento por debajo del percentil 3 con talla y peso 
significativamente (p<0.05) menores en comparación con los adolescentes de clase media, 
lo que sugiere retardo en el crecimiento. Los niveles séricos de IGF-IIIGFBP-3 fueron 
significativamente (p<0,0001) más bajos, en comparación con los de las adolescentes del 
estrato más alto, sin evidencia de retardo en el desarrollo pubertal. con base en la clasificación 
Tanner de desarrollo sexual y sólo los sujetos en Tanner 5 se incluyeron en este estudio. No 
se encontraron diferencias entre las concentraciones de IGF-IIIGFBP-3 en el suero de 
embarazadas y no embarazadas del estrato pobre. lo que muestra que no se presentó el 
incremento esperado de un embarazo normal. En conclusión, los bajos niveles de IGF-I 
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circulante que se encontraron en las adolescentes embarazadas podrían estar reflejando 
anormalidades en la fisiologia normal del eje GHIIGF-1, cuyos efectos sobre el crecimiento fetal 
no están completamente dilucidados. 
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The insulin-like growth factor-l (IGF-1) is believed 
to mediate many of the anabolic and mitogenic 
actions of growth hormone (GH)(I). IGF-I serum 
level is stable during the day due rnainly to the 
complexing with a family of IGF-binding proteins 
(IGFBPs). Of the six knowrrñigh.affinity Mnding 
proteins, IGFBP-3 is norrnally the major serum 
carrierof IGF-I in theform of a large ternarycomplex 
(1 50kDa) together with an acid-labile subunit (2). 
Both acid-labile subunit and IGFBP-3 a re  GH 
dependent. Lirnited proteolysis by a variety of serine 
proteases now appears to be a fundamental 
mechanism in regulating the bioavailability of IGF- 
1, both in the bloodstream and at the cellularlevel(3). 
The changes in IGF-I levels throughout life are 
similar to those of GH. With the onset of puberty 
there is a two- to three-fold rise in serum IGF-I 
concentrations, followed by a decline such that 
average adult levels are reached by the twenties 
(4). Sirnilarto IGF-I but less age-dependent, serum 
IGFBP-3 levels rise to a peak during puberty and 
then slowly decline during adulthood (5). During 
pregnancy there is a continuous rise in maternal 
serum IGF-I levels resulting in a two- to three-fold 
elevation during the last trimester. in spite of the 
attenuation of pituitary GH release (6). The 
responsiblefactors forthis increase are not clearly 
understood, but the GH family of hormones 
secreted by the placenta have been postulated as 
possible modulators of IGF-I levels during 
pregnancy (7). 
Pregnancy during adolescence is associated with 
low birth weight and increasing morbidity and 
(10). However, very few studies have been 
described to understand the effects of malnutrition 
on the GHIIGF-I axis in human pregnancy during 
adolescence. The aim of the present study was 
to compare- the IGF-I IIGFBP-3 serum concen- 
trations in a population of pregnant adolescents 
living in a poor area. with those of a group of 
non-pregnant subjects from the same area. As 
reference, a group of non-pregnant adolescents 
from a rniddle-class district were used. 
Methods 
Subjects 
11 8 volunteer adolescents, with chronological ages 
between 13 and 19 years, living in Bogotá, 
Colombia, werestudied. Subjects were distributed 
into three groups: pregnant adolescents (n=62) 
from an economically depressed district were in 
their second trimester of pregnancy (group 1). 
Non-pregnant adolescents were either from the 
same poor district as the pregnants (n=36) 
(group 2) or from a middle class area (n=20) (group 
3). All subjects were examined by the same 
physician. Height and weight were measured with 
a health o meter instrument and body mass index 
(BMI) was calculated. Sexual development of 
non-pregnant adolescents was classified 
according to Tanner stages and only subjects at 
Tanner 5 were included in this study Subjects 
with chronic diseases, under medication or 
abnormal TSH andior free T4 levels, were excluded 
from this study. 
Measurements 
mortality rates. Malnutrition is also considered to 
be a cause offetal growth failure. studies Blood SamPles were obtained the day of clinical 
have documented the regulatory role of nutrition examination and serum was stored at -20 "C until 
on the GHIIGF-I axis (8,g) and serum IGF-1 levels aSSayed. Serum TSH leveis were determined by 
are widely used as index of the nutritional state lRMA (Diagnostic Products Cor~oration~USA, 




Recibido 21102101; aceptado: 02111/01 
by RIA (~ iag ios t i c  ~ roduc ts  ~orporation, USA, 
reference range: 0.7-2.2 ngldl). All subjects 
showed serum concentrations of these hormones 
in the normal range. 
IGF-1 AND IGFBP-3 IN PREGNANT AOOLESCENTS 
Serum albumin levels were measured by the 
bromocresosulphonphtalein method (11). 
Total IGF-I levels were determined in acid-ethanol 
extracted serum using a specific radioimmu- 
noassay. Human IGF-I (receptor grade) and 
polyclonal anti-IGF-1 were obtained from GroPep 
(Adelaide, Australia). Truncated des(1-3)IGF-l 
(Pharmacia, Sweden Lot No. L1 B-Dol) was used 
as tracer to avoid interference from IGF-binding 
proteins residues remaining after acid-ethanol 
extraction (12). Intra- and inter-assay coefficients 
of variation were 6 and 12% respectively. 
IGFBP-3 was determined by IRMA (DSL-6600) 
(Diagnostic Systems Laboratories, Inc.) sensitivity 
0.5 nglml. Intra- and inter-assay coefficients of 
variation were 1.8 and 1.9% respectively. 
Results were compared utilizing two-way ANOVA 
by the General Linear Models procedure of the 
Statistical Analysis Systems program (SAS 
lnstitute Inc., 1985). Values were considered to 
be significantly different if p values were less than 
0.05. 
Results 
Chronological age was similarforthe three groups 
of adolescents (table 1 ). However, the middle class 
group of non-pregnant adolescents (group 3) 
displayed significantly higher (p<0.05) height in 
comparison with the other two groups of 
adolescents (pregnant and non-pregnant) living in 
the poor district. Accordingly, al1 subjects in group 
3 were above or at least at the 25Ih percentile, 
whereas subjects in group 3 were al1 below the Yd 
percentile according to NCHS tables (Maryland, 
USA). 
When weight was compared (table l ) ,  the lowest 
value was seen in the group of adolescents from 
the poor district (group 2), which was significantly 
(p<0.0005) lower than the value exhibited by the 
group of adolescents living in the middle-class 
(group 3). 
Serum albumin was significantly (p<0.0001) lower 
in the pregnant group 1 compared with the non- 
pregnant groups 2 and 3. No significant differences 
were obtained between groups 2 and 3 (table 1). 
1 
Serum IGF-I concentrations were sigrMicantly 
(p<0.0001) higher in the middle-class adolescents 
(group 3) (464.3 ? 108.0 nglml) compared with the 
subjects in the other two groups (figure IA).  No 
significant difference in serum IGF-1 was obsewed 
between the group of pregnant adolescents 
(262.9? 78.8 nglml) and the group of non-pregnant 
adolescents from the same poor district (group 2) 
(205.4 r 64.8 nglml). 
Similarly, serum IGFBP-3 levels were significantly 
(p<0.05) higher in group 3 (5,002.8 + 769.8 nglml) 
in comparison with othergroups 1 and 2 (3,657.8 
+433.2 nglml; 3.606.1r 423.4 nglml, respectively) 
(figure 1 B). The following correlations were found 
between IGF-I levels and weight (r=0.46, p<0.01), 
height (r=0.53, p<0.01) and IGFBP-3 (r=0.36, p<0.01) 
for the adolescents from groups 1 and 2 together. 
Discussion 
Pregnancy during adolescence is associated with 
low birth weight and increasing morbidity and 
mortality rates (13). The responsible factors for 
fetal growth and development are not as yet 
completely understood, although maternal nutrition 
appears to display an importapt role. The 
relationship between nutrition and the GHI!GF-1 
axis is well established, but in pregnancy it is 
Table 1. Comparison of some variables in the three groups of adolescents; recults are expressed as mean values I SD. 
Variable Group 1 (n= 62) Group 2 (n=36) Group 3 (n=20) 
Chronologicai age (years) 16.91 1.1" 15.7 f 1 . 3  15.9 -t 1.6" 
Height (m) 1.53 1 0.06' 1.48+004a 1.61 10.07r 
Weight (kg) 56.7 + 7.1 49.2 1 5.7= 57.8 f 9.gb 
Body macs index (kg/m2) 24.1 12 .6  22.5 f 2.3 22.3 f 3.0 
Albumin (qidll 3.98 f 0.49' 4.68 + 0.34O 4.73 1 0.3@ 
Mean values not sharing a common leiier were significantly different, p<0.05 
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Group 1 Group 2 Group 3 
Group 1 Graup 2 Group 3 
Figure 1. Serum IGF-I and IGFBP-3 levels in pregnant 
adolescents (group 1, n=62) and non-pregnant adolescents 
(group 2. n=36) from a law socioeconomic community. 
compared to a group of non-pregnant adolescents (group 3. 
n=20) from a middle-ciass community Values are means 
for each group with standard deviations represented by 
vertical bars. Bars not sharing a common letter are 
significantly different, pc0.05. 
between weight and height, that can be attributed 
to a chronic but moderate malnutrition, which is 
characteristic of a deprived socioeconomic 
environment. These results are in agreement with 
previous anthropometric studies in Colombian 
children (16) and developing countries (17). In this 
study a lack of correlation was observed between 
serum IGF-1 and BMI in the two groups of non- 
pregnant adolescents. Similar results were 
observed in a previously described study 
comprising 243 peripuberal girls, who failed to 
show a correlation between IGF-I and BMI (18). 
Albumin concentration, which has been widely 
utilized as a nutritional marker (19), was not 
significantly different between the two non-pregnant 
groups. This finding is in agreement with the current 
notion that serum albumin is not a sensitive 
biochemical marker of the nutritional state(20,21). 
On the other hand, we found lower albumin 
concentrations in the poor pregnant group, in 
comparison with the other two groups. In order to 
distinguish the effect of malnutrition from the 
condition of pregnancy during adolescente, we 
considered important to include a reference group 
comprising middle class pregnant adolescents. 
However, information was available only from four 
pregnant volunteers which is not enough for the 
purpose of comparison. Regardless of the small 
size of the group, we found a similar reduction in 
serum albumin (results not shown), thus reflecting 
the albuminuria normally present during pregnancy 
and not the result of nutritional deficiencies. 
Serum IGF-I levels in poor adolescents were 
significantly reduced in comparison with the group 
of middle-class adolescents, in agreement with a 
possible growth retardation, as suggested by the 
poorly documented. Some studies have shown a a n t h r ~ ~ o m e t r i c  study. On t h e o t h e r  hand. 
positive correlation between the birth weight and pregnancy constitutes an additional factor that 
could worsen the condition. Adolescents were in 
maternal serum IGF-I concentrations (14), although their second trimester of pregnancy, but their 
other reports do not support this correlation (15). 
circulating IGF.I was not different from the one 
In this studywefound significantly reduced height observed in non-pregnant subjects belonging to 
and weight in the group of adolescents from the same area. This finding does not agree with 
marginal areas in comparison with those from the the moderate increase that has been reported 
middle class area, suggesting growth retardation previously during pregnancy (6,22). It must be 
in these subjects although no clinical evidence for emphasized that the reported studies were 
delay of puberty was observed. Results showed performed in developed countries and in adult 
however, an harmonic or adequate relationship pregnancies, and to our knowledge a similarstudy 
IGF-I ANO IGFBP-3 IN PREGNANT ADOLESCENTS 
has not been performed on teenage pregnancies and IGF-IIIGFBP-3 levels which could beexamined 
under poor living conditions and these are the first including a larger group of middle class pregnant 
results reported on a population of pregnant adolescents, to confirm the preliminary results 
adolescents in Colombia. observed in this study. In conclusion, the present 
Similarly, highest IGFBP-3 levels were found in study gives evidence of growth retardation in the 
the middle class non-pregnant adolescents, but marginal group of adolescents, most likely due to 
thevalues obtained in this study were lowerthan a nutritional stress, a condition that could be more 
those reported by Juul(5). No differences were severe afterpregnancy and whose consequences 
observed in serum IGFBp.3 levels beheen the 0" fetal growth are still not completely clear. 
two groups of adolescents (pregnant and non- Acknowledqements 
pregnant)from marginal areas. It has been reported 
that immunoreactive IGFBP-3 is elevated in the 
plasma of pregnant women (23) and that 
proteolysis is known to be maximal during 
gestation giving fragments with reduced affinity for 
IGFs, particularly for IGF-I (24). Any small rise in 
IGFBP-3 in pregnant subjects, if present, was not 
detected by the assay method employed in this 
study. ~lteknative asiay methods,likb Western 
Ligand or lmmuno Blot. which are based on 
electrophoreticseparation ofthe different proteins, 
could discriminate between the intact IGFBP-3 and 
fragments. but sensitivity is lower than immuno- 
radiometric assays. 
Fetal growth is determined by multiple factors, 
many of which are still not understood. Substrate 
supply. endocrine status and placental function 
piay important roles in fetal development (25). It 
has been postulated that somatommamotropin and 
the placental growth hormone variant are 
responsible for the IGF-I rise during pregnancy 
(26). Although IGF-I does not cross the placental 
membranes(27), it may be important in maternal 
metabolism and placental growth. The absence of 
such rise in the pregnant popuiation of this study, 
introduces an interesting question, namely the 
association between reduced IGF-IIIGFBP-3 
maternal levels and the high incidence of low birth 
weight observed in pregnancy during adolescente. 
It is well established that nutrition is a regulator of 
circulating IGF-IIIGFBP-3, therefore, the reduced 
levels obtained in the group of poor adolescents in 
- 
The authors thank !he cooperation of lsmena 
Mockus during the physical examination of the 
subjects, the adolgscents who participated in this 
study and the Bogotá District Health Authorities. 
This work was supported by a grant from the 
lnternational Prograrn in the Chemical Sciences 
(IPICS), Uppsala University. Sweden. 
References 
1. Daughaday WH, Rotwein P. lnsulin-iike growth factors 
I and 11. Peptide, messenger ribonucleic acid and gene 
structures. serum. and tissue cancentratianc Endoc Re" 
1989;10:68-91 
2. Clemmons DR. Insulin-iike growth factor binding protein. 
roles in regulating IGFphysialogy. J DevPhysiol 1991 :15: 
105-10. 
3. Lamson G Giudice LC, Cohen P, e t  al. Proteolysis of 
IGFBP-3 may be a common regulatory mechanism of IGF 
action M, vivo. Growth Regulat 1993;3:91-5. 
4. Juul A, Holm K, Kastrup KW, et al. Free insulin-like 
growth factor I serum levels in 1430 healthy children 
and adults. and its diaonosticvalue in uatients susDected 
of growth hormone deficiency. J ~ l i n '  ~ndocr ino l '~e tab  
1997;82:2497-502. 
5. Juul A. Serum levels of IGF-I and IGFBP9 in healthy 
chi ldren.~adolescentc and aduits (dissertation). 
Copenhagen: University of Copenhagen; 1995. 
6. Hall K, Enberg G, Hellem E, etal. Somatomedin levels 
in pregnancy: longitudinal study in healthy subjects and 
patients with growth hormone deficiency. J Cl in 
Endocrino1 Metab 1984;9:587-94. 
7. Miller WL, Eberhardt NL. Structure and evoiution of 
the growih hormone gene family. Endocr Re" 1983;4:97- 
130. 
comparison with the middle-class group, could 
8. Clemmons DR, Underwood LE. Nutritional regulation 
reflectthedepressed environment. The differences .f IG~.I and IGF binding 1991; 
between the two q r o u ~ s  from the ~ o o r  economic 11:393-412. 
- .  
ares and the non-pregnant class group 9. Thissen Jp, Ketelslegers JM, Underwood LE, 
suggest a POssibie relatiOnship between Nutritional regulation of the insulin-like growih factors. 
class (chronic malnutrition and other stressors) Endocr Rev 1994;15:80-101 
CARRASCO-RODR~GUEZ S ,  SANCHEZ-GOMEZ M 
10. Burgess EJ. insulin-like growth factor 1: a valid nutritional 
indicator during parenteral feeding of patients suffering 
an acute phase response. Ann Clin Biochem 1992;29: 
137-44. 
11. Rojkin ML, Olhuin de Mariana MC, Drappo GA, Sosa 
CF. Fraccionamiento proteico por determinación directa 
de albúmina. Bial Clin1974;8:241 
12. Bana P. insulin-likearowth factor (IGF-IIand IGF bindinq 
- 
proic nc ser .m cnrctolfai ori, u 33\13 30 iy anyi ef iec l~  
o1 1) oiiases oissertai on) Os,o harti rsnü iiirl i ~ t c  
1994. 
13. Fescina RH, Schwarcz R. Crecimiento intrauterino. La 
mujer gestante En: Cusminsky M. Moreno EM, Suárez 
Ojeda EN. editores Crecimiento y desarrollo. Hechos y 
tendencias. Washington. D.C.: OPS; 1988. p 71-89. 
14. Hall K, Hansson U, Lundin G, et al. Serum levels af 
somatomedin and comatomedin bindinq orotein in 
. . 
pregnant women with type 1 or gestational diabetes 
and their infants. J Clin Endocrinol Metab 1986;63: 
15. Wang HS, Lim J. English J, lrvine L. Chard T. The 
concentration of insulin-like growth-factor i (IGF-1) and 
insulin-like arowth factor bindinq protein (IGFBP-1) in 
(?,mar .wo ica coro seri.r!i .il iiei vsn, re aiion lo ieia 
w e  $1 . cnooci iio 1351 179 155-? 1 
16. Mora JO. Situación nutricional de la población colombiana 
en 1977.80 Volumen l. Resultados antrooometricos v 
de laboratorio. Comparación con 1965:66. ~ o g o t a :  
Instituto Nacional de Salud; 1982. 
17. Anderson MA. Comparison of anthropometric measures 
of nutritional status in precchool children in five 
developing countries. Am J Clin Nutr 1979;32:2339-45. 
18. Wilson DM, Killen JD, Hammer L, e t  al. Insulin-iike 
arowth factor-l as a reflection of bodv comoosition. 
nutrition. and puberty in sixth and sevenih grade girls. J 
Clin Endocrinal Metab 1991;73:907-12. 
19. Viteri FE, Mata LJ, Béhar M. Metodos de evaluación 
del estado nutricional proteina-calórico en preescolares 
de condiciones socioeconómicas diferentes. Arch 
Latinoam Nutr 1973;23:23-31 
20. McWitter JP, Ryan MR, Pennington CR. An evaluation 
of insuiin-like growth factor-l as an indicator of nutritional 
status. Ciinical Nutrition 1995;14:80. 
21. Carrasca-Rodriguez S. Expresión de los genes del 
receptor de la hormona de crecimiento y del factor de 
crecimiento similar a la insuiina tipo-l bajo restricción 
proteica (tesis) Bogotá: Universidad Nacional de 
Colombia; 2000. 
22. Hasegawa T, Hasegawa Y, Takada M, Tsuchuya Y. 
The free form of lnsulin iike qrowth factor I increases in 
circulation during normal human pregnancy. J Clin 
Endocrino1 Metab 1995;80:3284-6. 
23. Suikkari AM, Baxter RC. insulin-like growth factor 
binding protein-3 is functionally normal in pregnancy 
cerum. J Clin Endociinai Metab 1992;74:177-83. 
24. Fowlkes JL, Suzuki K, Nagase H, Thrailkil l KM. 
Proteolysis of insulin-like growth factor binding protein- 
3 during rat pregnancy: a role for matrix metal- 
loproteinacec. Endocrinol 1994;135:2810-2. 
25. Harding J, Liu L. Evans P, Oliver M, Gluckman P. 
lntrauterine feeding of the growth retarded fetuc: can 
we heip? Eerly Hum Dev 1992;29.193-7. 
26. Caufriez A, Frankenne F, Hennen G, Copinschi G. 
Reaulation of maternal IGF-I bv olacental GH in normal 
" , , 
and abnormal human pregnancies Am J Physiol 1993 
265 E572-5 
27. Nonoshita LD, Wathen NC, Dsupin BA, Chard T, 
Giudice LC. Insulin-like growth factors (IGF-i), IGF- 
binding proteins (IGFBPs), and proteoiyzed IGFBP-3 in 
embrvonic cavities in earlv human oreanancv: their 
" ,  
p ~ t e ~ t i a l  re evante to maternal-embryonic and fetal 
interactions. J Clin Endocrinol Metab 1994;79:1249-55. 
